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(54) AIR INTAKE DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract 

PURPOSE: To improve combustion stability at the time of 
controlling EGR by feeding an air-fuel mixture richer than a 
stoichiometric air-fuel ratio, to the surroundings of an ignition plug. 
CONSTITUTION: When an engine reaches a predetermined driving 
condition, a swiri control valve 6 is closed by a control unit 22 so as 
to limit the amount of air to a second intake port 4B. Assist air is 
fed by a fuel injection valve 8 from an auxiliary air channel 17 to 
only the second injection hole directed to the second intake port 
48. A first intake valve 5 A is set so that its opening time and 
closing time become earlier than those of a second intake valve 58, 
and the fuel injection timing of the fuel injection valve 8 is set so 
that the fuel injected from the second injection hole reaches the 
inside of the second intake port 48 when the second intake valve 
58 is going to be closed. An air-fuel mixture layer of high air-fuel 
ratio, an air-fuel mixture layer of the air-fuel ratio closer to a 
stoichiometric air-fuel ratio, arid an EGR gas layer are formed in 
this order from the center part to the outside of a cylinder 1. 
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(54) Title of the Invention 

AIR INTAKE DEVICE OF AN lOTERNAL COMBUSTION ENGINE 
(57) Abstract 

Pxirpose^ To improve combustion stability at the time of EGR control by isupplying an 
air-fuel mixture that is richer than a theoretical air-fuel ratio to the vicinity of an 
ignition plug. 

Constitution- A control unit 22 controls the amoxmt of air flowing into the second air 
intake port 4B by closing a swirl control valve 6 when an engine reaches a 
predetermined operating condition. Further, a fuel injection valve 8 supplies assist 
air from the an assist air passage 17 to only the second injection hole lOB directed to 
the second air intake port 4B. A first air intake valve 5A is set so that its opening 
timing and closing timing become earUer than those of a second air intake valve 5B, 
and the fuel injection timing of the fuel injection valve 8 is set so that the fuel injected 
fi-om the second injection hole lOB reaches the inside of the second air intake valve 4B 
just before the second air intake valve 5B is closed. Subsequently, three layers are 
formed in order fi-om the center to the outside of a cylinder 1, an air-fuel mixture layer 
having a high air-fuel ratio, an air-fuel mixtwe layer that is near to a theoretical air- 
fuel ratio, and an EGR gas layer. 
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Scope of Patent Claims 



Claim 1 

An air intake device of an internal combustion engine equipping an ignition plug near the center of 
the cylinder, comprising: an air intake passage provided in each cylinder of an internal combustion 
engine in which the front edge side is forked to be a first air intake port and a second air intake port; 
a first air intake valve and a second air intake valve to open and close the first air intake port and 
second air intake port; a fuel injection valve to inject fuel toward each air intake port that is provided 
at middle of the air intake passage; and the air intake device of an internal combustion engine 
further comprises an air intake control valve in the middle of the air intake passage to control the 
amount of air flowing into the second air intake port by closing the valve with the predetermined 
operating condition, and the opening timing of the first air intake valve is set so as to be earlier than 
the opening timing of the second air intake valve; and a delivery timing delay means to delay the 
fuel delivery timing to the second air intake port that is later than the fuel delivery timing to the first 
air intake port while the fuel injection timing of the fuel injection valve is set so that the fuel 
delivery timing to the second air intake port is just before the second air intake valve is closed. 

Claim 2 

An air intake device of an internal combustion engine equipping an ignition plug near the center of 
the cylinder, comprising: an air intake passage provided in each cylinder of an internal combustion 
engine in which the front edge side is forked to be a first air intake port and a second air intake |K)rt; 
a first air intake valve and a second air intake valve to open and close the first air intake port and 
second air intake port in synchronization with the engine revolution; and the air intake device of an 
internal combustion engine fiirther comprises an air intake control valve in the middle of the air 
intake passage to control the amount of air flowing into the second air intake port by closing the 
valve with the predetermined operating condition, and the opening timing of the fiist air intake 
valve is set so as to be earlier than the opening timing of the second air intake valve; and a fuel 
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injection valve in the middle of the air intake passage to inject the fuel respectively to the first air 
intake port and the second air intake port from a first injection hole oriented to the first air intake 
port, and a second injection hole oriented to the second air intake port, and also to supply assist air 
from the air supply to only the second injection hole in the predetermined operating condition; and 
the fuel injection timing of the fuel injection valve is set so that the fijel delivery timing to the 
second air intake port is just before the second air intake valve is closed. 

Claims 

An air intake device of an internal combustion engine equipping an ignition plug near the center of 
the cylinder, comprising: an air intake passage provided in each cylinder of an internal combustion 
engine in which the front edge side is forked to be a first air intake port and a second air intake port; 
a first air intake valve and a second air intake valve to open and close the first air intake port and 
second air intake port in synchronization with the engine revolution; and the air intake device of an 
internal combustion engine further comprises an air intake control valve in the middle of the air 
intake passage to control the amount of air flowing into the second air intake port by closing the 
valve at the predetermined operating condition, and also the opening timing of the first air intake 
valve is set so as to be earlier than the opening timing of the second air intake valve; and a fuel 
injection valve in the middle of the air intake passage to inject the fuel toward the first air intake 
port and the second air intake port respectively from a first injection hole oriented to the port 
through a nozzle that is extended to the first air intake port and a second injection hole oriented to 
the second air intake port, and to supply assist air from the air supply to the first injection hole and 
the second injection hole in the predetermined operating condition; and the fuel injection timing of 
the fuel injection valve is set so that the fuel delivery timing to the second air intake port is just 
before the second air intake valve is closed. 

Claim 4 

The air intake device of an internal combustion engine according to any of claims 1 through 3, 



wherein the fuel injection valve is constructed to inject the supplying fuel to the first air intake port 
leading near to the cylinder center of the first air intake port. 

Detailed Description of the Invention 
0001 

Field of the Invention 

The present invention relates to an air intake device of an internal combustion engine that performs 
a stratified charge under a predetermined operating condition, and relates in particular to modifying 
an air intake device for improving the combustion stability v^hile providing stratification between 
the air-fuel mixture and the EGR gas. 

0002 

PriorArt 

A device providing stratification with air-fiael mixture and EGR gas by adjusting the opening and 
closing timing of each air intake valve while introducing EGR gas into an air intake passage in a 
predetermined operating condition in order to provide improvement to fuel consumption by 
lowering the combustion temperature and reducing NOx, is known, for instance, by Japanese Laid 
Open Utility Model S62-154233. 

0003 

In other words, the above device disclosed in the gazette comprises a first air intake valve and a 
second air intake valve that are respectively independent, and while a fuel injection valve is 
provided at a first air intake port that is communicated to the first air intake valve, an EGR passage 
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is connected to the downstream side of a swirl control valve in a second air intake port that is 
communicated to the second air intake valve, the opening timing of the second air intake valve is 
made to be earUer thain the opening timing of the first air intake valve. 

0004 

Further, after supplying the EGR gas into a cylinder through the second air intake port, stratification 
of the axial direction is achieved by guiding an air-fiiel mixture to the above EGR gas by supplying 
new air, in other words, an air-fuel mixture through both air intake ports. 

0005 

Problems Overcome by the Invention 

However, the conventional device merely makes the opening timing of the air intake valve where 
EGR passage is connected to be earlier than the opening timing of the air intake valve of the fuel 
injection valve side; so even through stratification of the EGR gas and air-fuel mixture is realized at 
an early stage of the air intake stroke, there is a possibility that stratification may breakdown by the 
interblending of both before ignition. 

0006 

In other words, when an air intake stroke is completed and enters the compression stroke, 
stratification of the axial direction cannot be maintained, and EGR gas and air-fuel mixture are 
mixed before ignition, so there is the possibihty to lose stable combustion because the dimension of 
the axial direction in the cylinder becomes smaller when raising a piston. 

0007 
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Problem Resolution Means 



Therefore, the present invention tries to achieve the stratification of EGR gas and air-foel mixture 
by adjusting the fuel injection timing of the fuel injection valve and the timing for the fuel to reach 
to each air intake port. In other words, an air intake device of an internal combustion engine that 
relates to the present invention equipping an ignition plug at the near center of the cylinder 
comprises: an air intake passage provided in each cylinder of an internal combustion engine in 
which the fk)nt edge side is forked to be a first air intake port and a second air intake port; a first air 
intake valve and a second air intake valve to open and close the first air intake port and second air 
intake port in synchronized with the engine speed; a fuel injection valve to inject fuel toward each 
air intake port that is provided in the middle of the air intake passage; and the air intake device of an 
intemal combustion engine further comprises an air intake control valve in the middle of the air 
intake passage to control the amount of air flowing into the second air int^e port by closing the 
valve with the predetermined operating condition, and the opening timing of the first air intake 
valve is set so as to be earlier than the opening timing of the second air intake valve; and a delivery 
timing delay means to delay the fuel delivery timing to the second air intake port that is later than 
the fuel delivery timing to the first air intake port while the fiiel injection timing of the fuel injection 
valve is set so that the fuel delivery Uming to the second air intake port is just before the second air 
intake valve is closed. 

0008 

An air intake device of an intemal combustion engine of the stmcture in claim 2 equipping an 
ignition plug at the near center of the cylinder comprises: an air intake passage provided in each 
cyhnder of an intemal combustion engine in which die front edge side is forked to be a first air 
intake port and a second air intake port, a first air intake valve and a second air intake valve to open 
and close the first air intake port and second air intake port in synchronization widi the engine 
revolution; and the air intake device of an intemal combustion engine further comprises an air 
intake control valve in the middle of the air intake passage to control the amount of air flowing into 
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the second air intake port by closing the valve v^ith the predetemnined operating condition, and the 
opening timing of the first air intake valve is set so as to be earlier than the opening timing of the 
second air intake valve; and a fuel injection valve in the middle of the air intake passage to inject the 
fuel respectively to the first air intake port and the second air intake port from a first injection hole 
oriented to the first air intake port, and a second injection hole oriented to the second air intake port, 
and also to supply assist air from the air supply to the only the second injection hole in the 
predetermined operating condition; and the fuel injection timing of the fuel injection valve is set so 
that the fuel delivery timing to the second air intake port is just before the second air intake valve is 
closed. 

0009 

An air intake device of an internal combustion engine of the structure in claim 3 equipping an 
ignition plug at the near center of the cylinder comprises: an air intake passage provided in every 
cylinder of internal combustion engine in which the front edge side is forked to be a first air intake 
port and a second air intake port; a first air intake valve and a second air intake valve to open and 
close the first air intake port and second air intake port in synchronization with the engine 
revolution; and the air intake device of an internal combustion engine further comprises an air 
intake control valve in the middle of the air intake passage to control the amount of air flowing into 
the second air intake port by closing the valve at the predetem[iined operating condition, and also the 
opening timing of the first air intake valve is set so as to be earlier than the opening timing of the 
second air intake valve; and a fuel injection valve in the middle of the air intake passage to inject the 
fuel toward the first air intake port and the second air intake port respectively from a first injection 
hole oriented to the port through a nozzle that is extended to the first air intake port, and a second 
injection hole oriented to the second air intake port, and to supply assist air from the air supply to 
the first injection hole and the second injection hole in the predetermined operating condition; and 
the fuel injection timing of the fuel injection valve is set so that the fuel delivery timing to the 
second air intake port is just before the second air intake valve is closed. 
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0010 



The structure in claim 4 according to any of claims 1 through 3, wherein the fuel injection valve is 
constructed to inject the supplying fuel to the first air intake port leading near to the cylinder center 
of the first air intake port. 

0011 

Operation 

When an engine enters the predetermined operating condition that makes EGR control possible, the 
fuel injection timing is set to just before the second air intake valve is closed while the air intake 
control valve is closed. 

0012 

In the early stage of the air intake stroke, the combustion gas (EGR gas) in a cylinder is blown back 
into the first air intake port from around the first air intake valve by opening the first air intake valve 
earlier than the second air intake valve. 

0013 

As the air intake stroke progresses, combustion gas that has reverse flowed into the first air intake 
port flows into the cylinder with the intake air. Here, the majority of intake air flows into the 
cylinder from the first air intake port with the combustion gas, and a swirl is formed because the 
amount of air for the second air intake port is restricted by closing the air intake control valve in the 
predetermined operating condition. 

0014 
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Conversely, when the fuel injection timing is set so that the fuel delivery timing to the second air 
intake port is just before the second air intake valve is closed because the fuel delivery timing to the 
second air intake port is later than the fuel delivery timing to the first air intake port by the delivery 
timing delay means, the fuel of the first air intake port side flows into the cylinder halfway through 
the air intake stroke, and the fuel of the second air intake port side flows into the cylinder in the last 
phase of the air intake stroke. 

0015 

Therefore, the fuel that flows into the cylinder from the first air intake port halfway through the air 
intake stroke is guided mainly to the near vicinity of the cylinder with a swirl formed by the 
combustion gas ^d intake air. 

0016 

In the meantime, the fuel from the second air intake port flows into the cylinder at a comparatively 
slow rate and is guided near to the center of the cylinder by pulling to the center of the swirl because 
the piston moving speed is decreased in the last phase of the air intake stroke, and the amount of air 
of the second air intake port side is restricted by the air intake control valve. 

0017 

The air fuel mixture that flows into the cylinder from the second air intake port has the 
comparatively rich air-fuel ratio because the amount of air to the second air Intake port is restricted 
by the air intake control valve. 

0018 
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In this way, while a layer of combustion gas and air-fuel mixture is formed around the vicinity 
within a cylinder, a layer of air-fuel mixture that has a rich air-fuel ratio is formed in the center part 
thereof which corresponds to the ignition plug, and stratification in the radial direction of the 
cylinder is realized. 

0019 

According to the construction of claim 2, the fuel injection valve supplies assist air only to the 
second injection hole in the predetermined operating condition, so the fuel injected from the second 
injection hole is only atomized by the assist air. 

0020 

When the particle diameter of injected fuel particles is large, deceleration is decreased as 
overcoming air resistance is easier. On the contrary, when the particle diameter of injected fuel 
particles is small, deceleration is increased due to receiving strong air resistance, and its own speed 
is lost in the course of time and carried to the cylinder with the intake airflow. 

0021 

Accordingly, the fuel delivery timing of the atomized fuel to reach the second air intake port can be 
delayed to be later than the fuel delivery timing to the first air intake port by atomizing the fuel 
going toward the second air intake port by assist air while restricting the amount of air of the second 
air intake port side by the air intake control valve. In this way, stratification of the combustion gas 
and air-fuel mixture can be realized as well as the operation of claim 1. 

0022 



According to the construction of claim 3, the fuel injected from the second injection hole is 
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influenced by the air resistance, and the speed is decreased in the same way as the operation of 
claim 2 because the fuel injection valve atomizes respectively the fuel that is injected from the first 
injection hole and the second injection hole by the assist air in the predetermined operating 
condition where the air intake control valve is opened. 

0023 

Here, even though the fuel injectied from the first injection hole is atomized by the assist air, the 
deceleration within the nozzle is small because the first injection hole is directed to the first air 
intake port through a nozzle that is stretched toward the first air intake port. In other words, the fuel 
is injected from the front edge of the nozzle and the second injection hole at nearly the same time, 
and the fuel from the second injection hole that is injected from farther is influenced by deceleration 
to a larger scale, and the fuel delivery timing to the second air intake port is later than the fuel 
delivery timing to the first air intake port. In this way, stratification of the combustion gas and air- 
fuel mixture can be realized in the same manner as the operation of claim 1 . 

0024 

Further, according to the construction of claim 4, the fuel of the first air intake port side rides with 
the flow to the inner peripheral side of a swirl formed by the combustion gas or the like because the 
fuel supplied to the first air intake port is injected by leading near to the cyhnder center of the first 
air intake port. 

0025 

In this way, a total of three types of layers are formed in the cylinder: an EGR gas layer formed at 
the external peripheral side consisting of a high abundance ratio of the combustion gas; a first air- 
fuel mixture layer formed at the inner peripheral side of the EGR gas layer consisting of mainly the 
fuel from the first air intake port; and a second air-fuel mixture of high concentration formed at the 

13 



near center part of the cylinder consisting of mainly the fuel from the second air intake port. 

Embodiment 

0026 

A preferred embodiment of the present invention is explained hereinafter with reference to the 
drawings FIG. 1 through FIG. 11. 

0027 

First, FIG. 1 is an explanatory block diagram of an air intake device of an internal combustion 
engine that relates to the first embodiment of the present invention, and a plurality of cylinders 1 
(only 1 cylinder is illustrated) is provided in the internal engine, and an ignition plug 3 presented 
within the combustion chamber 2 is arranged at nearly the center of the cylinder head of each 
cylinder 1. 

0028 

An air intake passage 4 is provided in every cylinder 1 respectively, and an upstream side of the air 
intake passage 4 is connected to an air cleaner (neither of which are illustrated) by gathering at a 
collector, and the downstream side of the air intake passage 4 is forked to be a first air intake port 
4A and a second air intake port 4B, and each of the air intake ports 4A and 4B is communicated to 
the same combustion chamber 2. 

0029 

A first air intake valve 5A and a second air intake valve 5B are provided respectively at each of the 
air intake ports 4A and 4B of the air intake passage 4. These air intake valves 5A and 5B are 
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respectively connected to a valve mechanism that is not illustrated, and each air intake port 4A and 
4B is opened or closed by operating together with the engine speed by the valve mechanism. 
Further, both the opening and closing timings of the first air intake valve 5A are earher than the 
second air intake valve 5B. 

0030 

A swirl control valve 6 is provided as the air intake control valve at farther to the downstream side 
than a throttle valve that is not illustrated, and also to the more upstream side than a fuel injection 
valve 8 described later, and which is connected to a swirl control valve driving mechanism 7. A 
section of the fuel injection valve 8 side in the swirl control valve 6 is a notch 6A by cutting out in a 
square shape extending over the range from the section corresponding to the first air intake port 4A 
to tiie nearly midway section of the section corresponding to the second air intake port 4B. 

0031 

The fuel injection valve 8 is provided at farther to the upstream side than the forked section of each 
air intake port 4A and 4B of the air intake passage 4, and also to the more downstream side than the 
swirl control valve 6. Further, the fuel injection valve 8 is attached to the cylinder head side. 

0032 

This fuel injection valve 8 comprises roughly an injection valve body 9 to spurt the fiiel by opening 
and closing a nozzle hole formed at the edge by the valve plug 9 (neither of which is iUustrated), an 
injection nozzle 10 provided at the edge of the injection valve body 9, and a cover 1 1 provided by 
covering over the external side, except the edge, of the injection nozzle 10, and an air chamber 12 of 
a nearly stepped cylinder shape is provided between the cover 1 1 and the injection nozzle 10. 

0033 
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Further, a first injection hole lOA and a second injection hole lOB leading independently to each air 
intake port 4A and 4B is formed respectively in the injection nozzle 10, and its upstream end of 
each of these injection holes lOA and lOB is communicated to the nozzle hole of the injection valve 
body 9, and when the valve body is opened, a nearly equal amount of fuel flows respectively into 
both of them simultaneously. 

0034 

Furthermore, an air passage 13 that is communicated between the second injection hole lOB and the 
air chamber 12 is formed diagonally along the fuel movement direction at the injection nozzle 10, 
and the injection fuel from the second injection hole lOB is only atomized by the assist air supplied 
from the air passage 13. In addition, the numeral 14 shown in HG. 2 indicates a seal member to 
seal between the cover 1 1 and the injection valve body 9, the numeral 15 indicates a seal member to 
seal between the injection nozzle 10 and the injection valve body 9, and 16 indicates a seal member 
to seal between the injection nozzle 10 and the cover 11. 

0035 

Each injection hole lOA and lOB of the injection nozzle 10 here is oriented to each air intake port 
4A and 4B by inclining just 9a and Ob of the predetermined orientation angle respectively in relation 
to the axial hne 0 - O of the fuel injection valve 8. In other words, the orientation angle 0b of the 
second injection hole lOB is set by aiming the near center part of the second air intake port 4B, and 
the orientation angle 9a of the first injection hole lOA is smaller than the orientation angle 9b, and in 
this way, is oriented to be nearer center of the cylinder 1 than the center of the first air intake port 
4A. 

0036 
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The air chamber 12 of the fuel injection valve 8 and the air intake passage 4 that is farther upstream 
than the air intake control valve 6 are communicated by an assist air passage 17, and an open and 
close valve 18 is provided in the middle of the assist air passage 17. Further, an assist air supplying 
mechanism that is the delivery timing delay means is constructed by the assist air passage 17, the 
open and close valve 18, the air chamber 12, and the air passage 13. The upper stream end of the 
assist air passage 17 is opened at the rear side of the swirl control valve 6 except the notch 6A that is 
at the rear side of the shielding section of the swirl control valve 6, and the air is taken in from there. 

0037 

When the open and close valve 18 is opened by the control signal from a control unit 22 described 
later, a portion of the intake air that is farther upstream than the air intake control valve 6 flows into 
the air chamber 12 through the assist air passage 17, and supplied in die middle of the^econd 
injection hole lOB through the air passage 13 from the air chamber 12. 

0038 

The numeral 19 indicates a crank angle sensor to detect the crank angle, 20 indicates a throttle 
sensor to detect the opening level of the throttle valve, and 21 indicates an airflow meter provided 
farther upstream than the throtde valve to measure the amount of intake air, and these crank angle 
sensor 19, throttle sensor 20, and airflow meter 21 are connected to the control unit 22 with an 
oxygen sensor, water temperature sensor, ignition switch or the like that are not illustrated. 

0039 

The control unit 22 to provide centralized control of an engine electrically is built as a 
microcomputer system. Further, the control unit 22 detects the operational state of the engine by the 
detection signal from the crank angle sensor 10, throttle sensor 20, and airflow meter 21, and when 
determining that it is entered under the predetermined operating condition where the EGR control of 
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the low load area or the like is applicable that is described later with reference to FIG. 3, the swirl 
control valve 6 is closed, and the fuel injection timing of the fuel injection valve 8 is controlled as 
described later. 

0040 

In addition, numeral 23 is an exhaust passage, and the upstream side of the exhaust passage 23 is 
forked to become a first exhaust port 23A and a second exhaust port 23B, and a catalytic converter 
(not illustrated) is provided at the downstream side of the exhaust passage 26. Further, each of the 
exhaust ports 23A and 23B are opened and closed respectively by a first exhaust valve 24A and the 
second exhaust valve 24B. In addition, the exhaust port may be a single unit and does not 
necessarily require two of them. 

0041 

The operation by the structure in the present embodiment is explained in detail hereinafter with 
reference to FIG. 3 through FIG. 7. 

0042 

In other words, a description is given hereinafter of the control over the swirl control valve 6 and the 
open and close valve 1 8 using the control unit 22 based on HG. 3. 

0043 

In other words, HG. 3 is a control operation switch map in order to change the control state between 
the normal control and the EGR control, and the assist air is supplied to the second injection hole 
lOB of the injection nozzle 10 by opening the open and close valve 18 together with closing the 
swirl control valve 6 in the EGR control area A that is below the predetermined number of 
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revolutions Na and the predetermined torque Ta. 



0044 

Further, other parts including the range from the predetermined torque Ta to the torque Tb is the 
normal control range B, and the swirl is stopped by opening the swirl control valve 6 while the 
supplying assist air is stopped by closing the open and close valve 18 in the area B. In addition, 
WOT in FIG. 3 indicates the area of the full open throttle valve. 



0045 

The following Table 1 sununarizes the description above. 
0046 



Table 1 



Range 


scv 


Assist Air 


Internal EGR 


A 


CLOSE 


ON 


YES 


B 


OPEN 


OFF 


NO 



0047 

The relationship between the opening and closing timing of each air intake valve 5 A and 5B and the 
fuel injection timing of the fuel injection valve 8 is explained hereafter with reference to FIG, 4. 

0048 



The opening timing of the first air intake valve 5 A is earlier by only the predetermined phase 
difference AOi than the opening timing of the second air intake valve 5B, and also the closing timing 
of the first air intake valve 5A is earUer by only the predetermined phase difference A92 than the 
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opening timing of the second air intake valve 5B. 
0049 

The fuel injection timing of the fuel injection valve 8 is set before the air intake stroke in the normal 
control area B; however, it is read in accordance with the engine speed from the injection timing 
map (not illustrated) stored in the control unit 22 in advance in the EGR control area A. 

0050 

The injection timing map is set as shown in FIG. 4 so that the fuel injected from the second injection 
hole lOB is delivered to the second air intake port 4B just right before the second air intake valve 
5B is closed. In other words, the'setting is made so that the fuel injected from the second injection 
hole lOB reaches to the second air intake port 4B after the delay time t has elapsed, and the entire 
injection fuel can be delivered before the second air intake valve 5B is closed completely because 
the speed decreases according to the reason described hereafter. 

0051 

A description is given hereafter of the control operation at the time of the EGR control in 
accordance with each time in FIG. 4. 

0052 

First, the first air intake valve 5 A opens earlier than the second air intake valve 5B at the time Ti 
immediately after starting the intake stroke, and the internal EGR is also generated by spitting the 
fuel gas (EGR gas) within the combustion chamber 2 and exhaust passage 23 as shown in FIG. 5 
because the pressure within the air intake passage 4 is low. 
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0053 



Next, the fuel is injected from the fuel injection valve 8 at time T2. Here, the speed where the fuel is 
injected from the second injection hole lOB becomes slower than when the fuel is injected from the 
first injection hole lOA because the assist air is supplied to the second injection hole lOB and the 
fuel injected from same injection hole lOB is atomized. 

0054 

In other words, the larger the particle diameter of the fuel particles, the harder it is to be decelerated 
as the influence of air resistance is smaller; and the smaller the particle diameter of the fuel particles, 
the easier it is to be decelerated as the influence of air resistance is greater. In addition to this, the 
air amount that flows into the second air intake port 4B is smaller because the swirl control valve 6 
is closed in the EGR control area A. 

0055 

Therefore, a speed difference occurs between the fuel injected from each injection hole lOA and 
lOB that has a different particle diameter, and the fuel with a relative high speed injected from the 
first injection hole lOA flows into the combustion chamber 2 with the combustion gas (dotted 
background arrow) that reverse flows into the first air intake port 4A as shown with the diagonal 
line arrows in FIG. 6. 

0056 

Here, the first injection hole lOA is formed with the prescribed orientation angle 9a oriented to the 
nearer center of the cyhnder 2 instead of the center of the first air intake port 4A, so the fuel injected 
from the first injection hole lOA flows into the combustion chamber 2 from the inner side of the 
combustion gas, and this forms a swirl stream S with the combustion gas. 
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0057 



On the contrary, the fuel with the relative low speed injected from the second injection hole lOB 
loses the initial speed immediately after the injection, and which is carried with a low airflow 
toward the second air intake port 4B as shown in the meshed part in FIG. 6. 

0058 

Next, at the time T3 in FIG. 4, the low speed injected fuel from the second injection hole lOB is 
delivered into the second air intake port 4B by the airflow, and flows into the combustion chamber 2 
from the periphery of the second air intake valve 5B as the air-fuel mixture. 

0059 

Here, when the air-fiiel mixture of a low speed arrives within the second air intake port 4B, the 
piston moving speed is reduced because the second air intake valve 5B is already just before 
closing, in other words, the last phase of the intake stroke; and the amount of air going toward the 
second air intake port 4B is restricted by the swirl control valve 6. Accordingly, the air-fuel ratio of 
the air-fuel mixture of a low speed becomes richer than, for instance, a theoretical air-fiiel ratio. 

0060 

Further, a swirl stream S is formed by the combustion gas and the air-fuel mixture from the first air 
intake port 4A in the combustion chamber 2, and the rich air-fiiel mixture that flows into the 
combustion chamber 2 from the second air intake port 4B that is mostly facing to the swirl center is 
pulled into this swirl center and guided to nearly the center that is corresponded to the ignition plug 
3 as shown in FIG. 7 because the swirl center of the swirl stream S has a relatively lower pressure 
than the vicinity. 
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0061 



In this way, a three-layer stratification is realized in the combustion chamber 2 where an EGR gas 
layer (dotted pattern) formed at the most peripheral side by the combustion gas, a first air-fuel 
mixture layer (diagonal pattern) formed in the middle by the air-fuel mixture from the first air intake 
port 4A, and a second air-fuel mixture layer (meshed pattern) formed at nearly the center by the rich 
air-fuel mixture from the second air intake port 4B. In addition, the air-fuel ratio of the first air-fuel 
mixture layer becomes about the theoretical air-fuel ratio. 

0062 

Further, the fuel injection timing is set to before the intake stroke that is the normal fuel injection 
timing while a swirl is stopped by opening the swirl control valve 6 in the normal control area B. 

0063 

Here, the opening and closing timing of each air intake valve 5A and 5B is similar to the case of the 
EGR control area A; the first air intake valve 5 A is earlier than the second air intake valve 5B in 
both opening timing and closing timing. However, the negative pressure in the air intake passage 4 
is low and the internal EGR is hardly generated because the opening level of the throtfle valve is 
large in the normal control area B. Further, there becomes no difference in the fuel speed injected 
from each injection hole lOA and lOB, and there is no risk for output to be deceased because the 
assist air supply is also stopped. 

0064 

According to the present embodiment, stratification can be achieved by one fuel injection from the 
fuel injection valve 8 because of the construction in which the amount of air to the second air intake 
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port 4B is restricted by closing the swirl control valve 6 in the prescribed EGR control area A, and 
the fuel injection timing is set so that the fuel of the low speed injected while being atomized from 
the second injection hole lOA is delivered the second air intake port 4B just right before the second 
air intake valve 5B is closed, and the opening timing of the first air intake valve 5A is made earlier 
for just the phase difference A6i than the opening timing of the second air intake valve 5B. 

0065 

Further, because the construction is made to introduce the rich air-fuel mixture in the last phase of 
the intake stroke that is comparatively close to the ignition timing, and guide the near center by 
using a swirl stream S by the combustion gas or the like, stratification can be maintained until right 
before the ignition while suppressing the diffusion of rich air-fuel mixture, and the combustion 
stability can be improved. 

0066 

Furthermore, because the construcfion is made to form the first injection hole lOA with a narrow 
orientation angle 9a so as to aim to the nearer center of the cylinder 1 instead of the center of the 
first air intake port 4A, the fuel (air-fuel mixture) injected from the first injection hole lOA can flow 
into the combustion chamber 2 from the inner side of the combustion gas. Therefore, three layers 
can be formed in order as moving from the vicinity of the ignition plug 3 to the outer side according 
to the level of the air-fiiel ratio: the second air-fijel mixture layer having a high air-fiiel ratio, the 
first air-fiiel mixture layer in which the air-fiiel ratio is about the theoretical air-fuel ratio, and the 
EGR layer in which combustible component is low, and the combustion stability can be improved. 

0067 

Moreover, by focusing on the point that the speed is different by the size of the particle diameter of 
the fiiel particles, even though the construction is comparatively simple, the fuel delivery timing can 
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be delayed accurately, and stratification can be easily realized because of the construction where the 
fuel is atomized by supplying the assist air only to the second injection hole lOB. 

0068 

Meanwhile, a differential pressure can be created easily between the upstream end and the 
downstream end of the assist air passage 17 in the EGR control area A in which the swirl control 
valve 6 is closed because of the construction to make open the upstream end of the assist air passage 
17 in the rear side of the swirl control valve 6 except the notch 6A, and the assist air that is 
necessary for atomization can be assured. 

0069 

A description of the Second Embodiment of the present invention is given hereinafter with 
reference to FIG. 8 and FIG. 9. In addition, the same reference numerals are given for those 
components that are the same as the First Embodiment described above and the descriptions thereof 
are omitted in the present embodiment. 

0070 

FIG. 8 is an explanatory block diagram showing the entire constmction of the present embodiment, 
and an EGR passage 31 is provided between the upstream side of the swirl control valve 6 and an 
exhaust passage 23, and an EGR control valve is provided in the middle of the EGR passage 31. 

0071 

Further, FIG. 9 is a control operational switch map according to the present embodiment, and a first 
EGR control area Al is part of the prescribed number of revolutions Nai and below the prescribed 
torque Tai, and a second EGR control area A2 is parts of the prescribed number of revolutions Na2 
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except the first EGR control area Ai and below the prescribed torque Ta2, and a normal control area 
B is other parts including the range from the prescribed torque Ta2 to the torque Tb in this control 
operation switch map. 



0072 

Further, the assist air is supplied by closing a swirl control valve 6 and also opening the open and 
close valve 18 in each EGR control area Ai and A2. The external EGR is also operated by 
introducing the EGR gas into the air intake passage 4 from the exterior by opening the EGR control 
valve 32, and adding to the internal EGR in the first EGR control area Ai. 

0073 

Meanwhile, the assist air supply is stopped by closing the open and close valve 18 while a swirl 
formation is stopped by opening the swirl control valve 6, and the external EGR is stopped by 
closing the EGR control valve 32 in the normal control area B. 

0074 

The following Table 2 shows the above result. 
0075 



Table 2 



Area 


SCV 


Assist air 


Internal EGR 


External EGR 


A, 


Close 


On 


Yes 


Yes 


A2 


Close 


On 


Yes 


No 


B 


Open 


Off 


No 


No 



0076 
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The present embodiment constructed in this manner also can obtain a similar effect to the first 
embodiment described above. 

0077 

A description of the Third Embodiment of the present invention is given hereinafter based on FIG. 
lOandHG. 11. 

0078 

First, FIG. 10 is an explanatory block diagram of the entire air intake device that relates to the third 
embodiment of the present invention, and a nozzle 41 A and 41B oriented to each air intake port 4A 
and 4B is provided at the fuel injection valve 8 by the present embodiment. 

0079 

In other words, the first nozzle 41 A and the second nozzle 4 IB in response to the first injection hole 
lOA and the second injection nozzle lOB are provided at the front edge of the injection nozzle as 
shown in FIG. 11. The front edge of the first nozzle 41 A is stretched long into the first air intake 
port 4 A with the prescribed direct angle 0a so as to extend the first injection hole lOA toward the 
cylinder 1. Further, the second nozzle 4 IB is stretched to the upstream side fix)m the fork section of 
each air intake port 4A and 4B with the prescribed direct angle 0b so as to slightly extend the second 
injection hole lOB. 

0080 

Moreover, a first air passage 13A communicated to the first injection hole lOA and a second air 
passage 13B communicated to the second injection hole lOB are formed at the injection nozzle 10 
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by diagonally along the fuel injecting direction, and the air within the air chamber 12 is supplied to 
each injection hole lOA and lOB as the assist air through each air passage 13A and 13B. 

0081 

In the present embodiment constructed in this manner, the fuel injected from each injection hole 
lOA and lOB is atomized as the result where the assist air is supplied respectively to each injection 
hole lOA and lOB through each air passage 13A and 13B. 

0082 

However, the first injection hole lOA is extended to the first air intake port 4A by the long nozzle 
41 A, so the actual injection point is close to the first air intake port 4A, and the distance for being 
influenced by the deceleration by the fuel atomization is short, and therefore, the delay in the fuel 
delivery timing to the first air intake port 4A hardly occurs. Conversely, the injection point is 
relatively far because the second injection hole lOB is just stretched to the forked section upstream 
of each air intake port 4A and 4B by the short second nozzle 41B, the atomized fuel injected from 
the second nozzle 4 IB carried to the second air intake port 4B with a low speed air flow 
immediately after loosing the initial speed. 

0083 

Accordingly, the timing for the fuel to be delivered to the second air intake port 4B becomes later 
than the timing for the fuel to be delivered to the first air intake port 4A. 

0084 



In this way, the present embodiment having such construction can also obtain the nearly similar 
effect to the first embodiment described above. Because the present embodiment especially has the 
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construction to atomize the fuel injected from each injecUon hole lOA and lOB, the combusUon 
stability can be even more improved! 

0085 

In addition, the explanation has been given in each aforementioned embodiment that the fuel of the 
nearly equal amount is injected from the fuel injection valve 8 to each air intake port 4A and 4B; 
however the present invention is not limited to this, and for instance, the fuel may be distributed 
suitably by having a different hole diameter of injection holes or the like. 

0086 

Further, the short nozzle 4 IB is provided at the second injection hole lOB has been shown by way 
of iUustration in the third embodiment; however nearly the same effect can be obtained even if 
omitting the second nozzle 4 IB. 

0087 

Effect of the Invention 

As explained above, according to the air intake device of an internal combustion engine that relates 
to the present invention, stratification can be realized by forming a layer consisting of air-fuel 
mixture from the combustion gas and the first air intake port by one fiiel injection, and forming a 
layer having a rich air-foel ratio consisting of air-fiiel mixture fix)m the second air intake port, and 
which can maintain until right before the ignition timing. 

0088 

In the constniction in claim 2, the fuel speed injected from the second injection hole can be 
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decreased, and the fuel delivery timing for the atomized fuel to be delivered to the second air intake 
port can be delayed to be later than the fuel delivery timing to the first air intake port because the 
fuel injected from the second injection hole is only atomized by the assist air. In this way, 
stratification can be realized as well as the effect of claim 1. 

0089 

Further, in the construction in claim 3, the fuel delivery timing to the second air intake port becomes 
delayed to be later than the fuel delivery timing to the first air intake port by creating a difference in 
the distance from the actual injection point to each port because the fuel injected from the first 
injection hole and the second injection hole is atomized respectively by the assist air, and the first 
injection hole is directed through the nozzle extending toward the first air intake port. 

0090 

Furthermore, in the construction in claim 4, because the fuel for supplying to the first air intake port 
is injected by orientation to the nearer center of the cyUnder of the first air intake port, the fuel of the 
first air intake port side can be on the inner peripheral side of a swirl formed by the combustion gas 
or the like, and a total of three kinds of layering can be formed: the EGR gas layer consisting of a 
high abundance ratio of the combustion gas, the first air-fuel mixture layer consisting mainly of the 
fuel from the first air intake port formed at the inner peripheral side of the EGR gas layer, and the 
second air-fuel mixture layer with high concentration consisting of mainly the fuel from the inner 
peripheral side of the first air-fuel mixture layer that is from the second air intake port formed at the 
nearly center of the cylinder. 

Brief Description of the Drawings 

FIG. 1 is an explanatory bock diagram showing an air intake device of an internal 
combustion engine that relates to the first embodiment of the present invention. 
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FIG. 2 is a cross-sectional view showing the essential portion of the fuel injection valve. 

FIG. 3 is a control operational switch map in order to perform the operational switch 
between EGR control and normal control. 

FIG. 4 is an opening and closing property curve showing the opening and closing timing of 
the air intake valve. 

FIG. 5 is an explanatory drawing showing the state when internal EGR.is generated by 
opening the first air intake valve. 

FIG. 6 is an explanatory drawing showing the state when the fuel is injected. 

FIG. 7 is an explanatory drawing showing the state in which stratification is realized by 
guiding air-fuel mixture having a high air-fuel ratio to the near center of cylinder. 

FIG. 8 is an explanatory block diagram showing an air intake device of an internal 
combustion engine that relates to the second embodiment of the present invention. 

FIG. 9 is an explanatory drawing of the control operation switch map by the second 
embodiment. 

FIG. 10 is an explanatory block diagram showing an air intake device of an internal 
combustion engine that relates to the third embodiment of the present invention. 

HG. 1 1 is a cross-sectional view showing the substantial part of the fuel injection valve that 
relates to the third embodiment. 

Explanation of Referenced numerals 



1 


Cylinder 


2 


Combustion chamber 


3 


Ignition plug 


4 


Air intake passage 


4A 


First air intake port 


4B 


Second air intake port 


5A 


First air intake valve 


5B 


Second air intake valve 


6 


Swirl control valve (air intake control valve) 


8 


Fuel injection valve 


10 


Injection nozzle 


lOA 


First injection hole 


lOB 


Second injection hole 
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41 A First nozzle 
4 IB Second nozzle 



nG.3 



Torque (kg-m) 
B (Normal control range) 
A (EGR control range) 
Revolution speed (rpm) 



HO. 4 



Lifting amount (mm) [vertical axis] 
Injection timing 
Crank angle 

no. 9 

Torque (kg-m) 

B (Normal control range) 

A2 (The second EGR control range) 

A 1 (The first EGR control range) 

Revolution speed (rpm) 
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